Local land uses play a critically important role in regulating hydrological services like surface-water runoff. This runoff influences the supply of water to streams and lowland agriculture. Land-use management decisions, in turn, are influenced by economic return. This article examines the tradeoffs between surface-water runoff regulation and income from crop production by using the land-use change impact assessment model and an economic analysis for a case study in Tat Hamlet Watershed, north Vietnam. The traditional composite swidden agriculture was used as baseline scenario, since it has been practised by farmers in the study area for decades. Two alternative scenarios were tested and compared with the composite swidden agriculture: expansion of maize monoculture and introduction of rubber plantations in the uplands. Among the land-use scenarios tested, rubber plantations appear to be better alternatives than maize monocropping in terms of surface-water regulation and improving economic return. However, implementation should consider the interests of local stakeholders as well as an analysis of possible risks and uncertainties involved.
Introduction
Ecosystems services are the benefits that nature provides to human welfare such as food, water, flood regulation, erosion and sediment control, and recreation (Millennium Ecosystem Assessment 2005; Boyd and Banzhaf 2007) . Ecosystems supplying these services include undisturbed natural forests and landscapes with mixed patterns of land use or intensively managed and modified land cover, for example, agricultural land (Millennium Ecosystem Assessment 2005) . Management of ecosystems to ensure sustainable supply of services at landscape, regional, or global scale remains a challenge due to the complexities in accommodating different services and their beneficiaries (cf. Dixon 1987) . This is particularly relevant in developing countries where the majority of the local population relies on subsistent or semi-subsistent agriculture as the main source of their livelihoods. In such areas, agroecosystems are the main suppliers of ecosystem services like food and fiber (Lant et al. 2005) . Triggered by fast population growth, expansion of agriculture in developing countries like Vietnam mainly involves conversion of natural forests to croplands (Castella et al. 2004; Lam et al. 2005; Dung et al. 2008) . These land-use decisions are usually made with the objective of maximizing economic return which in turn affects the supply of other ecosystem services such as regulation of water supply and retention of sediments and nutrients (Tran 2003; Vanacker et al. 2003; Xevi and Khan 2005; Qureshi et al. 2007; Daily et al. 2009 ). Therefore, land-use change has both positive and negative impacts *Corresponding author. Email: yohannes.ayanu@uni-bayreuth.de with possible tradeoffs between ecosystem services and economic return (Hu et al. 2008) .
The concept of tradeoffs has become fundamental to economics and ecosystem studies and is derived from the idea that resources are scarce. Consequently, to obtain more of one scarce good, an individual or society collectively must give up some amount of another scarce good. Tradeoffs analysis in monitoring of ecosystem services applies these principles to derive information about the supply of multiple services from a single ecosystem type like agricultural production systems (Nelson et al. 2009 ). This is usually done by quantifying the relationships among the underlying biophysical processes and by considering the economic behavior of stakeholders (De Koning et al. 1999; Veldkamp and Lambin 2001; Stoorvogel et al. 2004; Fernández et al. 2010) . There is growing interest in using combinations of biophysical models and economic analyses to assess tradeoffs between supplies of ecosystem services and economic return (EU Commission 2000; Argent 2004; Heinz et al. 2007; Nelson et al. 2009 ). However, despite the emerging needs, the number of such analytical tools that evaluate the economic returns and environmental impacts of ecosystem changes in one framework is limited (Bauer 1989; Reinhard and Linderhof 2006; Brookshire et al. 2007; Heinz et al. 2007; Brouwer and Hofkes 2008; Kragt and Bennett 2009) .
This article uses an integrated approach that combines a biophysical model and an economic analysis to assess tradeoffs between farmers' economic benefits from agriculture and impacts on surface-water runoff in Tat Hamlet Watershed, North Vietnam, by comparing different land-use scenarios. Section 2 briefly describes the methods used. Section 3 provides a short overview of the study site with focus on present land uses and relevant future alternative scenarios. Section 4 presents the results from model simulation and the economic analysis. Section 5 discusses the findings, and derived conclusions are summarized in Section 6.
Methods

Biophysical model
The land use change impact assessment (LUCIA 1.0) model (Marohn 2009 ) was used to simulate surface-water runoff and agronomic yield as influenced by land-use change. LUCIA 1.0 is a raster-based dynamic model with its algorithms written in PCRaster scripts (Deursen et al. 1995) . It operates on a daily time step for user-specified resolution. The general structure and data flow of the model is presented in Figure S1 of the supplementary material.
Surface-water runoff
Surface-water runoff (Horton Overland Flow -see Beeson et al. 2001; Ziegler et al. 2001 Ziegler et al. , 2006 Chuan 2003; Strager et al. 2009 ) was predicted in response to rainfall events under changing land-use types. Horton Overland Flow describes the horizontal flow of water across land surfaces when rainfall exceeded infiltration capacity and storage in pits and depressions. To model runoff, LUCIA 1.0 uses the concept of GenRiver 1.1 (Widodo et al. 2009 ).
Surface runoff generation at the source was simulated at each test point (pixel level) on a daily time step (Equation (1)):
where S is the amount of surface-water runoff; R the rainfall amount; E the amount of water intercepted and evaporated from plant leaves; I the amount of water infiltrated into soil; and Di the deep infiltration (bypass flow of water through macropores to the subsoil) in millimeters per day. Total surface-water runoff from the watershed (Equation (2)) was simulated at the outflow point (Widodo et al. 2009 ):
where S T is the daily cumulative runoff at the outflow point in cubic meters per second; LDD the local drainage direction; S f the material flow along the LDD; S p the space required for storing the transported material; and P x the pixel (raster cell) size. a stands for an overflow when the soil is saturated and in PCRaster it is calculated as the material accumulated at the outflow point of the watershed while flowing along the LDD; and 86,400 is the daily time step in seconds.
Agronomic yield from annual crops
A process-based crop growth model -World Food Studies model (Supit 2003 ) -was adapted for crop yield-related parameters such as radiation, assimilation, evapotranspiration, and nutrient uptake. The agronomic crop yield is the harvestable biomass at maturity and is expressed as a function of growth-determining parameters (Equation (3)):
where T, R, W , and Sn are the growth-determining factors: temperature, radiation, water, and soil nutrients (nitrogen, phosphorus, and potassium), respectively. In the model, yield is expressed as harvestable biomass that is expected after the plant reached the final development stage and attained the maximum leaf area index (LAI). Therefore, Y can further be expressed as shown in Equation (4):
where Y refers to the total production in tons per hectare and Max LAI refers to the maximum LAI. Before and during the planting period, the LAI value is 0 but gradually increases after crops started growing and reaches its maximum value after flowering period. The Max LAI value depends on the degree days required for a crop to reach flowering and harvest. It means that a crop is harvested when the plants achieved the Max LAI; otherwise there is no harvest from the agricultural field. The LAI value drops to 0 immediately after harvesting. The value remains 0 until the next planting season but starts to increase slowly after planting, reaching its maximum at a point where next harvest is expected.
Input maps
The LUCIA 1.0 model integrates geographic data with tabular data in the PCRaster interface. Since the study considered three scenarios with crop rotation, land-use maps for the scenarios and each rotational cropping cycle were used in the model. Soil properties maps such as bulk density, pH, total nitrogen, plant-available phosphorus, and soil organic matter were produced from datasets obtained through laboratory analysis of soil samples from representative profiles attributed to each soil unit collected from the study area (Lipe, personal communication) and used for the modeling. The LDD was calculated from the digital elevation model using PCRaster algorithm that connects each pixel to its neighbor in the steepest of eight possible slope directions. The LDD is a map representing flow direction from each cell to its neighboring down slope cell. The outflow (discharge) point from the watershed was calculated from the LDD. This point was used to estimate the effect of landuse change in terms of total amount of runoff from the watershed. The list of input maps used for the modeling is presented in Table S1 of the supplementary information.
Parameterization and calibration
The parameterization data were prepared in an Excel spreadsheet input file, which is part of the LUCIA 1.0 package. The field data from the Center for Agricultural Research and Environmental Studies were used as inputs (Dung et al. 2008 ). In addition, data from literature sources and existing validated models (e.g., World Food Studies, Generic River model on river flow -GenRiver) were also used. Values for parameters related to the land uses, soil properties, and plant growths (e.g., initial biomass, biomass partitioning, assimilation rates, and plant nutrientnitrogen-phosphorus-potassium concentration) were manually entered. Soil field capacity of top and subsoils, pore volume of the sub-and top soils, and the stone content of the soils were also specified. Weather data such as rainfall, temperature, evapotranspiration, and radiation were parameterized independently with data obtained from the meteorological stations in Tat Hamlet. The list of parameters used for the modeling is presented in Tables S2-S6 of the supplementary information (online). For further details on parameterization of LUCIA 1.0, please refer to the manual by Marohn (2009) . LUCIA 1.0 was manually calibrated by adjusting model parameters through an iterative process until the model outputs estimated the field data. For agronomic yield upland rice, paddy rice and cassava were calibrated with field data for the years 2001 and 2002. Similarly, maize yield was calibrated with the yield data obtained from the northern mountainous region (NMR). Besides agronomic yield, planting and harvesting dates were chosen according to farmers' practice, and growth parameters were adjusted in such a way that agronomic yield within the resulting vegetation period fits measured values. Time at which plants flower was defined in terms of the degree days required for flowering, and harvesting time was defined in terms of the degree days required for harvest. Simulations were repeated for each of the land-use scenarios and rotational cycle considered to train the model in order to predict the real field situation.
Economic analysis
Economic analysis is conducted to assess the viability, stability, and profitability of a business, sub-business, or a project (Nguyen et al. 2010 ). To derive a meaningful tradeoffs curve, economic methodologies (e.g., mathematical programming, econometric regression, and economic budgeting) allow producers to substitute a variety of alternative strategies into the decision-making framework (Lee 1998) . From the farmers' perspective, since they are mainly concerned with economic return from their land uses, the analysis should focus on the private economic net benefits of land-use alternatives. Cost-benefit analysis (CBA) is the commonly used approach to verify the economic choice of farm households (Nguyen et al. 2010) . CBA involves procedures where all costs and benefits are identified and estimated, future costs and benefits discounted to render comparable current and future effects, and costs and benefits compared under a decision criterion (Birol et al. 2010 ). There are three commonly used criteria in CBA: net present value (NPV), internal rate of return, and benefit-cost ratio (Dasgupta and Pearce 1972) . Each of these criteria has its own advantages and disadvantages. However, NPV and internal rate of return are used more often (Knoke et al. 2009; Nguyen et al. 2010) .
In this study, since we intended to compare the economic return of different land-use scenarios to examine if such land uses are financially profitable over the whole simulation period, NPV was used and calculated as shown in Equation (5):
where B t and C t are the benefits and costs at time t, respectively; r the discount rate; and n the time span. NPV is commonly used in economic analyses, especially in order to compare among alternatives with the following rule: in choosing between mutually exclusive land uses, select the one with the highest NPV. All costs and benefits of land uses were identified based on field survey through informal discussion and interviews with local farmers in 2008. Data on inputs and outputs of productions of paddy rice, upland rice, maize, cassava, and agroforestry were collected and cross-checked. Prices of inputs (e.g., labor, fertilizer) and outputs may change and fluctuation depends on factors such as market operation and policy interventions. In our study area, prices of food crops such as rice and cassava are more stable since the local economy is still on semi-subsistence level. Thus, for simplicity, we assumed that prices of inputs and rice, maize, and cassava are constant over the whole modeling period. They were identified as the average prices at the local market for 3 years : 2007, 2008, and 2009 . However, this would be different for rubber latex as it is more responsive to market signals. Using market price of latex in Vietnam over several years (Etherinton 1977; Jumpasut and Cooper 2002; Ali 2010) , we recognized that latex price showed fluctuation even though it is currently on the rise. Different from food crops that farmers have been familiar with production, storage, and consumption, latex is not used directly. There is high possibility of market risks and uncertainties for rubber latex. Therefore, in our economic analysis, we used three scenarios of latex price:
(1) the current real price or business as usual scenario, (2) 10% increase in latex price, and (3) 10% decrease in latex price. For the costs and benefits of rubber plantations at the time of the survey as rubber trees were not able to produce latex, we derived the average latex yield based on the work of Thai (2009) . His study collected economic data for rubber plantations in 2008 for 122 small farm households in Kon Tum Province of Vietnam.
Discount rate was difficult to identify since it varies between short-and long-term loans. It also depends on credit providers. Although there are many formal and informal credit institutions and private bankers in Vietnam, it is hardly possible to find those lending for the purpose of planting trees or perennial crops (Nguyen et al. 2010 ). Since we assumed that the prices of inputs and outputs are unchanged, we used real interest rates for our economic analysis. As the economy of Vietnam has been growing with about 7% of the GDP over the past 20 years, we used 7% as our real interest rate. However, since the functioning of credit markets in Vietnam in general, and in the study area in particular, is still very limited (Nguyen 2008) , farmers may be charged with higher interest rates. The cheapest loan for farm households came from the GovernmentSubsidized Bank for the Poor (currently as the Bank for Social Policies) (Nguyen et al. 2010 ) but only those identified as poor were eligible to apply for this loan. Thus, we used two more extreme interest rates of 5% and 10%. Since the biophysical modeling was simulated for a period of 20 years, the same time frame was used for the economic analysis.
Study area and relevant land-use scenarios Study area
Tat Hamlet is located in Vietnam's northern mountainous area, upstream of the largest Hoa Binh hydropower reservoir (Figure 1a ), which is characterized by sinuous narrow valleys cut by rivers through steep mountains. The total area of the hamlet is about 689 ha with more than 80% of land having a slope greater than 25
• . Only a few hectares in the valley floor are flat enough for paddy fields. The elevation of the valley floor is approximately 300 m above sea level. Surrounding peaks reach an elevation of 800-1200 m. In the language of the local people, the name of the Hamlet means the hamlet of the waterfalls, that is an apt choice given the many small streams that cascade down over the steep rocky hill slopes that fringe the valley centering the Hamlet. The climate is tropical monsoon humid with an average annual temperature of 23
• C. The total rainfall is about 1800 mm per year, of which 90% concentrates in the rainy season which lasts from May to October (Le 2004) . Due to high and concentrated rainfall and steep topography, soil erosion is severe and often occurs during the rainy season (Tran 1998) .
The Hamlet is mainly populated by Tay minority ethnic group who has practiced composite swidden agriculture (CSA) for at least a century (Nguyen 2004 ). Swidden farming is popular in Southeast Asia (Rambo 1998) . The traditional CSA involves the conversion of primary and secondary natural forests to annual crops through the slash-and-burn system. Afterwards, land is left fallow to recover soil fertility for approximately 12 years (Thanh 2003) , in which it regenerates to secondary forest (Schmidt-Vogt 2001) . CSA integrates several types of land uses, including permanent wet rice fields on valley floors and rotation of swidden plots (upland rice and cassava), tree gardens, and generating forest patches on the hill slopes (Rambo and Tran 2001; Tran 2007; Dung et al. 2008 ). This integrated farming system appeared to be relatively sustainable in the past (Lam et al. 2004 ). Nonetheless, it has been under continuous changes due to several reasons. One reason is the agrarian reform (Nguyen 2008; Ohlsson 2009 ) which has partly boosted economic growth in Vietnam (Castella et al. 2005) .
Baseline scenario
The baseline scenario (Figure 1b) we considered in this study assumes that the traditional CSA system is maintained in the area and continues as the slash-and-burn system with 12 years fallow period.
Situated in the uplands, the swidden area is dominated by upland rice and cassava, which are grown for two subsequent years each, followed by a fallow period of 12 years used for regenerating the agricultural lands (Figure 2 , Plots 2 and 7). Agroforestry fields comprise Melia azedarach and rice. Intercropping of Melia trees with rice was considered for two consecutive years. Following rice, cassava is intercropped with Melia for another 2 years, after which the field is left fallow for 12-year period dominated by Melia trees. Melia trees need 7-8 years to reach for timber production (Thanh 2003) . After the 12-year fallow period, the field is slashed and cultivated for replanting upland rice and cassava ( Figure 2 , Plot 1). Secondary forest fields are converted to upland rice fields after slash and burn (Figure 2 , Plot 4). After 2 years of upland rice, the fields are replaced by cassava, which is cultivated for another two consecutive years. Following cassava, the land is left fallow for 12 years. The lowlands of Tat Hamlet Watershed are entirely dominated by paddy rice, which is the main staple food in the Northern Vietnam. Paddy rice is grown throughout a year using irrigation with only 2-3 months of fallow during the transition between seasons (Figure 2 , Plot 6).
Alternative scenarios of land-use change
Because the traditional CSA is subjected to change due to population pressure and economic growth in Vietnam, evaluation of alternative land-use options is essential to ensure sustainable supply of ecosystem services. Two landuse scenarios relevant for Tat Hamlet were selected to assess the impact of land-use change on surface-water runoff and economic return. These scenarios are described in this section.
Scenario 1: expansion of maize
Economic progress in Vietnam in general has changed the human dietary system and the demand for meat is increasing. The resulting need for livestock forage led to an expansion of maize cultivation in the Northern Uplands especially for pig farming (Schmidt-Vogt et al. 2009 ). Therefore, more upland farmers shift from traditional CSA to maize monocropping. Since there is less land left uncultivated, it is likely that the expansion of maize monocropping will cause a reduction of fallow periods. This has already been the case in the NMR where fallow periods are reduced to 2-3 years (Dung et al. 2008 ), which is not sufficient for the regeneration of land to secondary forest. Thus, considering the potential impact of reduced fallow periods encouraged by maize monocropping with less time for regeneration of land to forest is crucial. Accordingly, we considered the conversion of about 70% of the secondary forest area (Figure 1c ) to maize cultivation, leaving the rest of the area in the uplands with elevation greater than 400 m as protection forest (Figure 1c) . Excluding the protection forest area, the remaining land uses (Plots 1-7) follow the same land-use pattern with those in the baseline scenario but the fallow period is reduced to only 2 years ( Figure 2 ). Maize is grown for 2 years and replaced with cassava which is also grown for 2 years. The field is left fallow for 2 years before another rotational cultivation of maize and cassava.
Scenario 2: introduction of rubber plantations
The soil and climatic conditions of North Vietnam are favorable for rubber plantations (Fox and Vogler 2005) . Rubber trees have been popular in the highlands of Vietnam for years and the country is one of the traditional exporters of rubber latex. Additionally, rubber trees are deemed environmentally suitable for the degraded uplands and the government considers them as core components in the agricultural diversification program to improve and stabilize farmers' income in poor provinces (Tran et al. 2002) . Recently, international market price of latex has sharply increased which initiated the Vietnamese government to shift toward expansion of rubber plantations. It is planned to intensify export of the latex by increasing the plantations area from 640,000 ha in 2009 to 800,000 ha in 2015. To reach this goal, additional 70,000 ha of land was approved in 2010 (Vietnam Business News 2010), most of which is in the central and the northern uplands of Vietnam. The introduction of rubber plantations in the uplands is promoted recently with the commitment of local authorities and foreign investors in a number of provinces. For instance, in the province of Son La, rubber is considered by the government as one of the key crops for poverty reduction and economic growth (Committee for Ethnic Minorities Affairs 2010). Therefore, we considered rubber plantations as relevant land-use scenario mainly due to the government policy encouraging its expansion to intensify latex export. With such ambitious government plans, areas previously managed by farmers using the traditional CSA system cannot continue in the future. Unlike annual crops like maize, these land uses do not require fallow and/or fertilizers. Hence, rubber plantations appear to be a possible alternative land-use scenario since the fallow period needed reduction to only 2-3 years due to shortage of land. In this study, rubber trees are assumed to be planted on the same area as maize (Figure 1d ). The trees can be tapped for latex when they reach an age of 6-7 years. At the end of the rotation, timber is also valuable for construction and furniture production. Since a rotation of rubber trees in Vietnam can last for at least 20 years (Fox et al. 2011 ), we selected 20 years for the model simulation (Figure 2 ).
Likewise the maize scenario, the remaining land uses (Plots 1-7) are managed following the same cropping pattern as in the baseline except reduction of fallow period to 2 years.
Results
Surface-water runoff Surface-water runoff generation at the source: comparing land uses
To compare land uses in terms of runoff amount generated, we selected year 2002 since it showed values close to the average rainfall over 20 years. The average monthly surface-water runoff per pixel (m 2 ) for the rainy season in 2002 (May to October) for different land uses is shown in Figure 3a .
The highest surface-water runoff was observed in maize and upland rice fields followed by cassava. The lowest surface-water runoff was from forests and rubber followed by agroforestry fields. Fallow and grasslands were intermediate in generating surface-water runoff. Paddy rice field is in the lowlands where water flows and discharges from the upstream areas of the watershed and hence was not included in the runoff comparison between the land uses. The daily surface-water runoff simulated per pixel of land uses with comparable slope gradient for a rainy month (May) in 2002 is shown in Figure 3b . Compared with annual crops (e.g., maize), the surface-water runoff from perennials (e.g., rubber) was low. 
Surface-water runoff at the watershed outflow point: comparing scenarios
Surface-water runoff generated at the source (from each land-use plot in the upstream area) flows along the local drainage direction until it reaches the outflow point where it discharges from the watershed to the neighboring landscape. The annual surface-water runoff simulated at the watershed outflow point for the land-use scenarios is presented in Figure 4 . In the scenarios considered, the magnitude of annual surface-water runoff at the watershed outflow varied under the same precipitation. Increasing the area of maize cultivation in the uplands resulted in increased surface-water runoff compared with the baseline (CSA system) and the rubber scenario. Between years 5 and 7, the runoff curve for maize scenario lies below that of the baseline scenario. This is because, during this period, in the maize scenario a larger area of the watershed (Plot 4) was under fallow while the same area was planted with cassava in the baseline scenario. On the other hand, introduction of rubber in the same area as maize showed decrease in surface-water runoff at the watershed outflow compared with the traditional CSA system and maize monocropping.
Agronomic yield
The agronomic yield from the land-use plots simulated for the baseline, maize, and rubber scenarios is presented in Table 1 . Land-use Plot 5 (Grassland) is not included in the analysis since grasslands remain the same throughout the 20 years and crops are not grown on this plot.
In Plot 6, paddy rice is cultivated throughout the 20 years but in the other land-use plots the yield is not continuous due to fallow between sequence of crop types (e.g., upland rice and cassava). In the baseline scenario, the frequency of harvest from the agricultural crops is less due to long fallow period (12 years) compared with maize and rubber scenarios with short fallow period (Table 1) . Nevertheless, the amount of yield per harvest season was higher for baseline scenario than maize and rubber scenarios due to long fallow period that improves fertility of the soil. The trend in the variation of agronomic yield due to rotational cropping cycle and land-use change in the scenarios is shown in Figure 5 . The total agronomic yield in each scenario from all the land-use plots was calculated to analyze the trend over the 20 years.
Since a vast area (Plot 4) was converted to maize monocropping with 2 years rotation with cassava, agronomic yield in the maize scenario is relatively high compared with the baseline and the rubber scenario. In all three scenarios, yield showed fluctuation due to fallow periods and also change in crop types that are grown in rotation. In the baseline scenario, agronomic yield remains lower between years 6 and 15 where large part of the study area was under fallow.
Comparison of economic returns from the land-use scenarios
The NPV from land-use plots for the scenarios over 20 years is presented in Table 2 . Among them, paddy rice (Plot 6) is found to be the most profitable land-use type whilst there is no direct financial benefit from grassland (Plot 5) and protection forest area. This is because there was no economic activity in the grassland and the protection forest is strictly regulated. Actually, farmers may Notes: Rubber was considered in three price scenarios, that is, constant price (same price over 20 years), 10% increase in price, and 10% lower price. VND, Vietnamese Dong; 1 USD ∼20,917 VND.
extract some fuelwood but the benefit is negligible. Paddy rice is essentially important for farmers since its productivity is much higher compared to upland rice. For annual crops, the highest share of the costs is from seeds (e.g., maize and paddy rice). There is no hired labor considered and opportunity cost is used for family labor. With regard to Melia trees in agroforestry (Plot 1), there is almost no cost involved as farmers collect Melia seeds and maintenance is done during the time spent for intercropped annual crops (upland rice and cassava). Normally, farmers sell standing Melia trees when they reach marketable size and the buyers are responsible for cutting; thus there was also no cost involved in the exploitation of Melia. In the maize scenario, maize monocropping (Plot 4) is the second profitable land use next to paddy rice. In the rubber scenario, economic return from rubber plantations (Plot 4) is second next to paddy rice. The NPV per year also varies among the land-use scenarios as shown in Table 3 . In the baseline scenario, after 4 years, the NPV is decreasing quickly due to the reduction of crop productivity. This may be because we did not consider fertilizer application in this version of LUCIA 1.0 and production tends to lower without fertilizer application. After 12 years when the soil fertility is restored, crop productivity is high, before it decreases again. We also find that introduction of maize would bring higher net benefit compared with that of upland rice in the baseline scenario because the yield of upland rice is very low while the price of rice and maize in the local market is nearly similar. In the rubber scenario, from year 2 (when rubber trees were planted) to year 7, the net benefit is negative since there is no latex exploitation. The cost in the first 2 years is much higher compared to that of the later years due to the expenditures for seedlings, soil preparation, and planting whereas in the later years the cost includes only maintenance expenditure. From year 7 on, net benefit in this scenario is positive due to the revenue of latex exploitation. Considering different interest rates (5%, 7%, and 10%), the NPV of each land-use scenario was calculated for the 20-year period (Table 4 ). All the land-use scenarios (baseline, maize, and rubber) show positive net economic return, with rubber scenario being the most profitable.
Application of different interest rates led to different levels of economic return from land-use scenarios. Under constant prices of inputs and outputs, the introduction of maize and rubber results in higher returns (NPV) to the farmers compared with the baseline scenario. In this price scenario, if the interest rate is 5% or 7%, rubber would be the most profitable. If the interest is 10%, then maize would be the most profitable, even if rubber price increases by 10%. It is also clear that if the real interest rate is 10% and the price of rubber decreases by10%, maize is still the most profitable if its price is constant. However, in this price scenario, rubber is the least profitable. This does not indicate that all land-use scenarios are economically sound since other factors like the direct and indirect costs of maximizing economic return while there is high surface-water runoff need to be considered. Thus, the values indicate only the net private financial return. Figure 6 presents the tradeoffs between total economic returns and surface-water runoff over 20 years.
The baseline scenario showed the lowest level of economic return compared with maize and rubber plantation. However, the amount of surface-water runoff is also lower than that of the maize scenario. This is because in this traditional CSA farming, longer fallow period of 12 years allows soil and forest to rehabilitate and thus leads to lower level of surface-water runoff, whereas in the maize scenario, the fallow period is reduced to 2 years which causes higher level of surface-water runoff. From an economic point of view, the difference between the values of the NPV in these two scenarios is the tradeoff with the runoff quantity when farmers move from one land-use scenario to the other. The introduction of maize in the study area may lead to relatively higher economic return compared with the traditional CSA practice, but it increases surface-water runoff.
Discussion
This study demonstrated that different vegetation types have different levels of surface-water runoff (Horton Overland Flow) under similar precipitation and plant growth stages. The type of land use determines the amount of surface-water runoff generated at the source. Our findings are also consistent with those of Molina et al. (2007) and Marques et al. (2007) in the evaluation of the role of different vegetation types in reducing surface-water runoff. Over longer time after rainfall, vegetation affects water fluxes and sediments by improving infiltration capacity and aggregate stability of soils (Bruijnzeel 2004; Bochet et al. 2006; Bhardwaj and Kaushall 2008; Cao et al. 2008; Hong et al. 2010) . Vegetation types like forests and grasslands are useful for buffering in hilly slopes of fragmented landscapes such as Tat Hamlet, thereby reducing surface-water runoff (Gabriels et al. 2003; Blackwell et al. 2009 ). Under bare soil conditions surface-water runoff could directly cause erosion where there is intensive rainfall, especially in upland sloppy areas (Renard et al. 1997; Thanapakpawin et al. 2006; Francke et al. 2008; Kashaigili 2008; Turkelboom et al. 2008; Kinnell 2010) .
After canopy closure, perennials have the capacity to partly capture the rain drops with their leaves which later evaporate or slowly infiltrate to the soil rather than causing runoff. On the contrary, the interception of rainfall drops by annual crops is relatively low and thus heavy rainfall could easily reach the ground to cause high amounts of runoff. Moreover, in annual crop fields, between harvest and replanting periods until the crops establish canopy closure, there is high surface-water runoff due to less vegetation cover. According to Ziegler et al. (2006) there are three main reasons that could increase Horton Overland Flow (surface-water runoff) generation from annual crop fields. The first is that agricultural fields are left bare after harvesting until the next planting season and there is less vegetation on the ground to intercept the rainfall for slow infiltration into the ground. Second, management practices form compacted surfaces which facilitate Horton Overland Flow with less infiltration to the ground under high-rainfall conditions. Third, under reduced vegetation cover soil is increasingly affected by the event of rainfall increasing surface-water runoff generation in upland areas.
Tradeoffs were observed between maximizing economic return from agricultural crop production and improving the water regulation services by reducing surface-water runoff in this study. The findings of this study supplement past literature (e.g., Pretty et al. 2000; Rosegrant et al. 2000; Stoorvogel et al. 2004; Swinton et al. 2007; Nelson et al. 2009; Singh 2009 ) which showed that there are tradeoffs between agricultural crop production for improving farmers' economic return and the supply of ecosystem services like water regulation. Comparing alternative land-use scenarios, the better land-use option is the rubber scenario where the economic return is the highest and the surface-water runoff level is the lowest compared to maize and the baseline scenario. In this scenario, due to the vegetation cover by rubber plantation, the level of surface-water runoff is reduced and, at the same time, due to the high price of latex and rubber timber, the economic return critically increases compared with the other landuse alternatives. The surface-water runoff in the traditional CSA system (baseline) was higher than the rubber scenario because of the slash-and-burn practice that forms bareland after slashing and burning vegetation, unlike the rubber plantations that cover the ground throughout the 20 years (Dung et al. 2008) . Even though rubber plantation is identified as a better alternative land use in terms of reducing runoff and maximizing economic return, the risk involved is higher than that of maize production because latex price depends more on international markets as it is mainly produced for export. Moreover, rubber requires high initial investment cost including soil preparation, raising seedlings in a nursery, weeding, and fertilizing. As mentioned earlier, latex can only be extracted starting from 7 years after planting and the net benefits in the first 6 years are negative. The negative return in the first 6 years indicates a challenge for local farmers to adopt as they are mainly subsistent and hence are limited in financial capability to invest. Thus, provision of subsidies and compensating farmers for the lost production years seem essential. In addition, rubber plantation has potential in contributing to the reduction in biodiversity in the uplands of Vietnam as most of the native species are replaced with rubber. The ecological adaptability and impact of this plant species needs also to be further studied for success in sustainable supply of ecosystem services.
Conclusions
Among the alternative land-use scenarios (maize monocropping and rubber plantations) tested in this study, with regard to the water regulation services and agricultural commodity production for market, rubber plantations appear as better alternatives than maize monocropping. However, introduction of rubber plantations should consider thorough investigation of the risks and uncertainties involved in terms of both impact on the environment and benefits to the farmers. The implementation of rubber plantation projects should thus take into account the interests of the stakeholders in the area. Since the traditional CSA cannot continue due to the increasing population and economic growth, further investigation of other promising land-use alternatives is necessary to ensure sustainable management of natural resources and supply of ecosystem services. Moreover, research in combining the traditional CSA systems with other land-use options is useful to ensure sustainable land use and supply of ecosystem services.
